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• Chemistry and Biotechnology for lignocellulose (CSIC)
• Lignin (and lignocellulose) analysis by 2D‐NMR
• 2D‐NMR of lignins from different eucalypt species
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• Lignin modification in enzymatic delignification of wood
• The potential of commercial laccases as shown by 2D‐NMR
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-Linkages (aliphatic oxygenated region)
Lignin 2D‐NMR: Whole HSQC spectrum
HSQC (heteronuclear single 
quantum correlation) spectrum 
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E. globulus 600 13.0 16.1 59.5 1413 3.6 18.7
E. nitens 450 17.5 16.3 50.4 1177 6.2 22.5
E. maidenii 600 18.0 16.5 50.8 1093 1.3 22.6
E. grandis 435 17.0 15.7 49.7 1148 9.2 21.1
E. dunnii 595 20.0 16.1 48.7 931 15.5 21.6
Rencoret et al. 2008. Structural characterization of milled wood lignin from























































































































Syringyl-to-guaiacyl (S/G) ratio, inter-unit linkages and end units (percentage of side-
chains) in lignin (MWL) isolated from five eucalypt species as shown by 2D-NMR
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1) L-O-O-Q-PoP (control: O-O-Q-PoP)
1
2) O-O-L-Q-PoP (control: O-O-a-Q-PoP)
2
3) O-O-LQ-PoP  (control: O-O-Q-PoP)
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Kappa number and brightness analyses of 




Ibarra et al. 2006. Integrating laccase-mediator treatment into an industrial-type sequence for
totally chlorine free bleaching eucalypt kraft pulp. J. Chem. Technol. Biotechnol. 81:1159-1165.
2D-NMR analysis
Eucalypt lignin modification during O-O-L-Q-PoP














Aromatic signals (lignin units)
Eucalypt lignin modification during O-O-L-Q-PoP







• Eucalypt residual lignin is rich 
in S units (>70%) and β-O-4' 
bonds (>75% side-chains)
• Enzymatic stage causes 
oxidation of S units (>60%)
• Enzyme-altered lignin is 
removed by alkali in PoP stage
• Therefore, the kappa number 
decreases
• However, peroxide is necessary 
for good brightness (>90% ISO)
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Eucalypt lignin modification during O-O-L-Q-PoP
sequence as shown by 2D-NMR of isolated lignin
Ibarra et al. 2007b. Structural modification of 
eucalypt pulp lignin in a totally chlorine free 
bleaching sequence including a laccase-

















of interest in enzymatic delignification 
Rencoret et al. 2009. HSQC-NMR analysis of lignin in woody (Eucalyptus globulus and Picea abies) and 
non-woody (Agave sisalana) ball-milled plant materials at the gel state. Holzforschung 63:691-698
Lignin content (%)4 Cycles LEp
Nearly 50% lignin reduction!8.6 % KLControlEp - LEp treatment: 
Trametes villosa laccase
(and HBT as mediator)Doses laccase 10  – 50  U/g





















































































… lignin modifications were "in situ" analyzed by 2D-NMR
Eucalypt samples pretreated with laccase and mediator were
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 S' units have been identified (by HMBC NMR) 
as aromatic acids and ketones
(S' >60% lignin units!)
However, the most noticeable change 
is the increase of C‐oxidized S units
Gutiérrez et al. 2012. Demonstration of laccase-mediator removal of lignin 

















Wood gels Isolated (CEL) lignins
Control
MtL-MeS
Rico et al. 2013. Pretreatment with laccase and a phenolic mediator degrades lignin 












Babot et al. 2011. Towards industrially feasible
delignification and pitch removal by treating paper
pulp with Myceliophthora thermophila laccase and a












































































• 2D‐NMR is a powerful tool to analyze lignin composition (in terms of 
aromatic units) and structure (including different interunit linkages) 
• Structural information on lignin in five eucalypt species correlated with
their pulp‐making properties (including yield and viscosity)
• Biotechnology can benefit from 2D‐NMR availability to develop most
effcient enzymatic delignification and bleaching processes (information
on the oxidative attack to the lignin polymer)
• In addition to isolated lignins (wood MWL/CEL and pulp residual lignin) 
whole lignocellulosic material can also be analyzed by 2D‐NMR (as gels)
• The latter approach was used to show for the first time the enzymatic
delignification of whole eucalypt wood (with polysaccharides unaffected) 
• The use of comercial laccases and phenolic mediators provides an
industrially‐feasible combination for pulp bleaching and enzymatic











Thanks you for your attention!
ICEP6-2013
